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New hybrid organic–inorganic nanocomposites consist of β-cyclodextrin (β-CD)/epichlorohydrin (ECH), and bentonite
clay were prepared by direct intercalation through one step emulsion polymerization. The structure and thermal
stability of prepared nanocomposites were investigated by Fourier-transform infrared spectroscopy (FT-IR), X-ray
diffraction (XRD), field emission-scanning electron microscopy (FE-SEM), energy dispersive X-ray analysis (EDAX),
transmission electron microscopy (TEM), differential scanning calorimetry (DSC), differential of differential scanning
calorimetry (DDSC), thermogravimetric analysis (TGA) and differential thermogravimetric (DTG) analyses. The ob-
served results show that the β-CD polymer/clay nanocomposites (β-CD–ECH polymer/clay) with higher thermal
stability than β-CD–ECH polymer were successfully prepared. The removal of heavy metals such as Cu(II), Zn(II) and
Co(II) ions from drinking water was studied using a batch method at ambient temperature. The removal percentage
and distribution coefficients (Kd) were determined for the adsorption system. It was found that the β-CD–ECH
polymer/clay nanocomposites showed higher removal capacity for Co2+, Cu2+ and Zn2+ ions in comparison with β-
CD–ECH polymer. The selectivity order could be given as Zn2+>Cu2+>Co2+. Copyright © 2016 JohnWiley & Sons, Ltd.
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INTRODUCTION
The worldwide contamination of freshwater systems with
thousands of industrial, agricultural and natural chemical com-
pounds exponentially increased recently which is one of the
key environmental problems facing humanity. Among these
contaminations, heavy metals because of their strong toxicity,
bioaccumulation and environmental persistence are hazardous
and have an important ecological impact on ecosystem.[1,2]
Although most of the metals (e.g. copper, selenium, zinc) in
the trace amount are essential for hemostasis of human body
metabolism, they can lead to toxicity in high concentra-
tions.[3,4] On the other hand, some heavy metals (e.g. lead,
cobalt, mercury) even at very low concentrations have serious
threatening effects on public health and ecosystems because
of bioaccumulation and biomagnifications.[5] As well known,
water is an important nutritional need that is present as plain
water, liquids and solid foods. Clean water consumption
contributes to maintaining a healthy body, a clear mind and
a good balance within our tissues, and contaminated water
intake can cause disease and even death. Thus, a very impor-
tant and challenging task for researcher groups is still how to
effectively remove undesirable metals from contaminated
drinking water.
Nowadays, a large number of conventional techniques and
sorbents are used for removing heavy metals from water. The
commonly employed techniques are including chemical
precipitation,[6] sorption,[7] ion exchange,[8] membrane filtration,
biotechnology[9] and electrochemical methods.[10,11] Among
these techniques, the sorption technique has been intensively
used because of its wide adaptability, convenient operation, easy
regeneration and generation of high-quality treated effluent.[7,12]
In the sorption technique, various materials such as clay
minerals, metal oxides, carbon materials and polymer nanocom-
posites are used as sorbents. Among the available sorbents,
polymer nanocomposites are classified as promising to remove
heavy metals. This is partly because of their large surface areas,
readily available and cheap expenses.
Polymer nanocomposites are as an important class of hybrid
materials created from an organic polymer matrix with dispersed
nanofillers, which have at least one dimension below 100 nm.
These highly potent compounds are important because of
exhibits excellent synergistic properties derived from both
reinforcement particles and the polymeric matrix.[13,14] One of
the most interesting systems of nanocomposite materials is
based on organic polymers and clay minerals.[15,16] Polymer–clay
nanocomposites are known as a class of advanced engineering
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materials. Some of their important properties such as strength
and thermal stability and mechanical properties of convention-
ally filled polymers can be improved by adding a small amount
of clay into polymeric matrix.[16–19] The properties of polymer–
clay nanocomposites depend on the characteristics of clay,
organopolymer and the clay dispersion degree or the delimita-
tion amount of the individual clay layers in polymeric matrix.[20]
The clay layer is naturally hydrophilic and can be converted to
organoclay to promote water and hydrophilic compounds
absorption into the surface.[21]
On the other hand, one of the friendly environmental
organopolymers which generally can be used for preparing
various nanocomposites are polysaccharides, which are harmless
to ecosystem.[16,22,23] Nowadays, there are many reports that
exclusively focused on β-cyclodextrin (β-CD) as a natural mole-
cule derived from cellulose.[24,25] It is well known as a series of
oligosaccharides which are comprised of seven D-glucopyranose
units. During the past decades, many β-CD derivatives are of
great interest for various reasons in which β-CD polymers
are a main category of those.[4,26,27] The formation of β-CD
polymer networks is accomplished by the chemical cross-
linking of β-CD molecule with compounds which have two
functional groups such as epichlorohydrin (ECH), diisocyanates
and citric acid.[16,28–30] These crosslinkers have been used to
obtain different kinds of water-soluble and insoluble poly-
mers.[27,31,32] The insoluble β-CD polymers (β-CD hydrogels)
can be used as an efficient sorbent to remove the pollutants
from the contaminated water.[33,34] Recently, a water-insoluble
anionic β-CD polymer/bentonite clay nanocomposites has
been reported in order to modify the properties of β-CD
polymer, including its heat stability and also its ability to
capture of guests.[16] These nanocomposites were synthesized
by combining in-situ intercalative polymerization and melt
intercalation methods, in the presence of citric acid as a
crosslinker. These compounds exhibit higher adsorption capa-
city toward methylene blue in comparison with unmodified
anionic β-CD polymer.
The survey of the literature shows that the ECH as a primary
and frequently crosslinker has been used to obtain different
kinds of water-insoluble β-CD polymers. These polymers, known
as “inclusion resins”, can be used as sorbents for the treatment of
drinking water containing a wide range of pollutants including
aromatic compounds and metals.[35] Following our previous
work on the preparation of β-CD polymers and their nanocom-
posites,[4,14,16,26,27] in this study, we report the synthesis of a
new nanocomposite that is comprised of neutralized β-CD poly-
mer crosslinked with ECH via direct intercalation and through
one-step emulsion polymerization include different percentages
of clay. The structure and thermal behavior of these nanocom-
posites were investigated by various common methods. In our
previous study, we have shown that the adsorption capacity of
anionic β-CD polymer nanocomposite has been decreased with
increasing amount of bentonite clay. This is because of the
presence of electrostatic interaction between anionic and
cationic ingredient of clay with carboxylic groups of anionic
β-CD polymers.[16] Now in this report the neutralized β-CD poly-
mers as polymer matrix have been used in the structure of
obtained nanocomposites which can cause to increase of
absorption capacity along with increasing of clay content. The
application of the prepared nanocomposites for the removal of
heavy metal pollutants such as Cu2+, Zn2+ and Co2+ from the
drinking water has been investigated.
EXPERIMENTAL
Materials
Bentonite clay and β-CD were purchased from Acros and SDFCL
Mumbai, respectively. Cobalt (II) chloride hexahydrate (CoCl2),
copper (II) sulfate pentahydrate (CuSO4), zinc nitrate hexahydrate
(Zn(NO3)2), acetone, ethanol and methanol were purchased from
Merck. ECH was purchased from Sigma-Aldrich. Sodium hydrox-
ide (NaOH) was purchased from Mojallali, Iran. All the chemicals
were analytical grade and were used as they were received. The
β-CD–ECH polymer was prepared as previously described.[36]
Typical procedure for the synthesis of nanocomposites
In a thermostated reactor vessel, 3 g of β-CD was mixed with
different amounts of bentonite clay (1, 5, 10 and 15wt%) in
water, and this mixture was carried out under sonication and
magnetic stirring. After achieving a homogeneous suspension,
ECH (2.1ml) was carefully added for 4min at 50°C. Then, 3.36ml
of the aqueous NaOH solution (40% w/w) was added dropwise
with constant stirring and keeping the temperature at 50°C
during 50min. The viscosity of the solution started to increase,
and a solid hydrogel could be observed. The solid hydrogel was
broken into particles and soaked in water. It was stirred for 1 hr
while cooling the product down to ambient temperature. After
the alkaline medium was neutralized using HCl aqueous solution,
the solid hydrogel was washed several times with water and
ethanol. Finally, the obtained materials were dried in a freeze
dryer (Zirbus Vaco 5, Germany) with a condenser temperature
of 50°C in a vacuum until all of the solvents were sublimed.
Characterization of β-CD–ECH polymer/clay nanocomposites
FT-IR analysis
The Fourier-transform Infrared (FT-IR) spectra were measured by
Brucker Tensor 27 in the range of 4000–400 cm1.
Thermal analysis
Thermogravimetric measurements (TGA), differential thermogra-
vimetric (DTG), differential scanning calorimetry (DSC) and
differential of differential scanning calorimetry (DDSC) were
acquired by a Netzsch (STA 409 PG, Germany) instrument. The
carefully weighted samples were fitted with a nitrogen purge
gas at 10°C/min heating rate.
XRD analysis
The change in crystallinity of β-CD–ECH polymer and its nano-
composites were considered by a Phillips X’Pert PRO X-ray
diffractometer (XRD) with Cu Kα radiation (λ = 1.54178Å).
TEM analysis
In order to observe the clay platelet dispersion within the
polymer matrix, transmission electron microscopy (TEM) analysis
has been performed using a JEOL 2000FX instrument with
200-kV accelerating voltage.
FE-SEM and EDAX analyses
Field emission-scanning electron microscopy (FE-SEM, Sigma,
Zeiss) was used to investigate the surface morphology of the
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materials. The images were taken at an excitation voltage of
15 kV. The elemental composition of the materials was deter-
mined by energy dispersive spectroscopy (EDS) with an EDAX
Oxford instruments attached to the SEM column.
Swelling behaviors
Swelling behavior of materials has been performed by the classi-
cal gravimetric method. The dried materials (ca. 0.15 g) were
immersed in water at an ambient temperature for 24 hr. Then,
the swelled materials were removed from water by being centri-
fuged, and water on the surface was quickly wiped out using a
wet filter paper. The swelling ratio, which is defined as the ratio
of the weight of adsorbed water to the weight of material at a
dry state, was determined by the following equation:
W ¼ WS Wdð Þ
Wd
:
W is the swelling ratio,Ws is the weight of materials after swell-
ing in water and Wd is the weight of dried materials before
swelling.
Adsorption studies
The heavy metal adsorption on the β-CD–ECH polymer and its
nanocomposites was carried out using the batch method. The
batch adsorption experiments were conducted using 150mg of
the adsorbent with 50ml of the solutions containing heavy
metal ions in the desired concentrations at ambient temperature
in a 100-ml glass stoppered flasks. The agitation speed was con-
stant and fit 300 rpm during the test. After shaking for 24 hr, the
flasks containing the samples were withdrawn from the shaker.
The suspensions were then centrifuged, and the supernatant
solution in each flask was analyzed by atomic absorption
spectrometry (Varian model SpectrAA 220, Victoria, Australia)
regarding its residual metal content. The flame type was air
acetylene, and adsorption wavelengths were 324.7 nm (Cu2+),
213.9 nm (Zn2+) and 240.7 nm (Co2+). The percentage of adsorp-
tion (%) and the distribution ratio (Kd) were calculated using the
below equations:
The percentage of metal removal %ð Þ ¼ ci-cf
ci
100:
Ci is the metal ion concentration in initial solution, and Cf is the
metal ion concentration in the final solution.
Kd ¼ amount of metal ion in adsorbent
amount of metal ion in solution
 v
m
V is the volume of the solution (ml), andm is the weight of the
adsorbent (g).
Calibration curves of metals
The loading amount of captured metals through nanocompos-
ites was obtained using calibration curve. First, the standard
solutions of CoCl2, CuSO4 and Zn(NO3)2 in H2O were prepared
with concentrations of 50, 50 and 20 ppm, respectively. Then,
five other solutions were prepared with decreasing the concen-
trations. The dilution step consisted of taking a given amount
of a standard solution and adding a given amount of H2O to
decrease the concentration and preparation of solutions on de-
sired concentrations level. Then, the calibration curve for Co+2,
Cu+2 and Zn+2 was prepared (Fig. 1).
RESULTS AND DISCUSSION
In order to ascertain the best condition to produce β-CD poly-
mer, the polymerization was used by the previously described
method.[36,37] Here, a ratio of ECH/β-CD= 10 and the reaction
temperature of 50°C were chosen. The nanocomposites were
prepared by the in-situ intercalative polymerization (Fig. 2). At
first, the clay was dispersed within β-CD solution by sonication,
in which β-CD was absorbed using the pore/layers of clay.[16,38]
The obtained β-CD/clay was mixed with ECH as a crosslinker
under magnetic stirring. The stirring was continued to achieve
a homogeneous mixture and β-CD polymerization started by
addition of NaOH. Therefore, the exfoliation of the clay is caused
by polymerization of β-CD in the solution of β-CD/clay.
Figure 1. Calibration curves of Cu+2, Zn+2 and Co+2 at absorption wave-
lengths of 324.7 nm, 213.9 nm and 240.7 nm, respectively.
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Characterization of nanocomposites
The FT-IR spectra of bentonite clay, β-CD–ECH polymer, β-CD–ECH
polymer/clay-1, 5, 10 and 15 have been revealed in Fig. 3. In the
spectrum of clay, the peaks are assigned at 3625 and 3440 cm1
(O―H stretching of Si―OH and water), 1637 cm1 (deformation
vibrations of the interlayer water in the clay), 1062 cm1 (the
Si―O stretching vibration of silicate layer), 527 cm1 (stretching
of Al―O) and 470 cm1 (bending of Si―O).[16] The β-CD–ECH
polymer spectrum shows the O―H stretching vibration at
3465 cm1, the C―H stretching vibration at 2937 cm1, the
C―O stretching vibration at ~1100 cm1 and other adsorption
peaks appeared at thewavenumbers consistent with literature.[36]
In the spectra of prepared nanocomposites, the adsorption peaks
related to polymer appeared nearly at the same wavenumbers
and the peaks of bentonite clay were disappeared. These results
show that the nanocomposites are chiefly comprised of β-CD–
ECH polymer units and also indicated that clay were successfully
covered with this polymer.
The data of EDAX analysis have been used in order to esti-
mate the composition of β-CD–ECH polymer, β-CD–ECH
polymer/clay-1 and β-CD–ECH polymer/clay-15. As it is shown
in Fig. 4, only the element of C (64.4%) and O (35.6%) exist
in the β-CD–ECH polymer which revealed the purified polymer
has been obtained. The EDAX data of β-CD–ECH
polymer/clay-1 shows the presence of C (62.7 %), O (36.8 %),
Si (0.3%) and Al (0.2%) which confirm the existence of clay
nanofiller in the nanocomposites. Moreover, the increase in
amount of Si and Al and also presence of K peaks along with
the decreasing percentage of C and O elements in the β-CD–
ECH polymer/clay-15 in comparison with the EDAX data of
β-CD–ECH polymer/clay-1 confirmed the existence of the
higher amount of clay. These results revealed that the clay
elementals were presented in the products even after exten-
sive washing of them. Thus, it can be concluded that the
composite between the bentonite clay and β-CD–ECH polymer
was formed.
The interlayer spacing changes of clay particles upon interca-
lation were investigated by XRD patterns. The XRD results of
bentonite clay, β-CD–ECH polymer, β-CD–ECH polymer/clay-1,
5 and 15 were depicted in Fig. 5. As shown in Fig. 5, there are
no clear differences between the β-CD–ECH polymer and the
β-CD–ECH polymer/clays which suggests that the clay does
not have any effect on the degree of the β-CD polymer crystal-
linity. The pristine bentonite clay exhibited a montmorillonite
peak at 2θ= 7° and peaks at 2θ=28.6° related to mostly quartz
and feldspar.[16] In the case of the β-CD polymer/clay nanocom-
posites do not present the montmorillonite peak which
suggests the exfoliation of montmorillonite layers. The peaks
at 2θ= 28.6° were disappeared in the XRD pattern of β-CD–ECH
polymer/clay-51. On the other hand, a small shoulder corre-
sponding to this peak was presented in the XRD patterns of
β-CD–ECH polymer/clay-105 and 15, which is indicative that
with increasing amount of clay, a small part of the clay aggre-
gates during formation of polymer.
Figure 2. Schematic representation of β-CD–ECH polymer/exfolited clay formation using polymerization of the β-CD/clay in the presence of ECH.
Figure 3. FT-IR spectra of bentonite clay, β-CD–ECH polymer, β-CD–ECH
polymer/clay-1, 5, 10 and 15.
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The surface morphology of β-CD–ECH polymer, β-CD–ECH
polymer/clay-1 and 15 and the dispersion of the clay in the
β-CD–ECH polymer were studied by FE-SEM analysis (Fig. 6). As
it can be observed from these results, porous structures of
β-CD polymer and β-CD–ECH polymer/clay nanocomposites are
similar. There are no obvious differences in the main morphol-
ogy of β-CD polymer following the addition of clay into the
polymer networks. Moreover, in the β-CD–ECH polymer/clay
nanocomposites (Fig. 6), the layers of clay are well distributed
and homogenized and also the delamination stacked layers
indicate an exfoliation morphology. These results confirmed that
the β-CD–ECH polymer/clay nanocomposites were successfully
formed. However, it was proved that a greater amount of clay
enhance average surface functional groups in the nanocom-
posites which can increase absorption potential toward many
materials.
In order to supplementary investigation of the clay morphol-
ogy inside the β-CD polymers and to evaluate the degree of
dispersion, the TEM analysis was considered. In Fig. 7, the TEM
micrographs of the nanocomposite with 15% loadings amount
of bentonite clay have been shown. As can be seen, the clay
particles are well dispersed throughout the polymer matrix in
this nanocomposite which is consistent with the FE-SEM results.
Based on the TEM micrographs along with XRD results, we can
propose that an exfoliated structure in the nanocomposites
was successfully obtained.
In order to estimate the homogeneity of the β-CD–ECH
polymer/clay nanocomposites and their thermal stability, the
TGA and DTG analyses have been performed and the results
depicted in Fig. 8 (A and B). The TGA thermograms (Fig. 8A)
show the main step of the weight loss for β-CD–ECH polymer,
β-CD–ECH polymer/clay-5 and β-CD–ECH polymer/clay-15
starting from 296, 294 and 330°C, respectively, which are
related to the decomposition of β-CD–ECH polymer unit. These
data revealed that the incorporation of clay in β-CD–ECH
polymer decreased the thermal stability of the β-CD–ECH
polymer/clay-5 and increased the thermal stability of the
β-CD–ECH polymer/clay-15. On the other hand, the β-CD–ECH
polymer/clay-5 and β-CD–ECH polymer/clay-15 retain 19.7%
and 34.2% of their initial mass until 500°C while pure β-CD–ECH
polymer retains 24.8% of its initial mass at the above-
mentioned temperatures. Additionally, the DTG curve of β-CD–
ECH polymer (Fig. 8B) shows two notable peaks centered at
320 and 374°C. These thermal events are related to the mass
losses from the polymer decomposition which are as follows:
(i) mass losses because of ECH portion decomposition at
320°C and (ii) decomposition of β-CD at 374°C. The DTG curves
revealed that the peak related to the decomposition of ECH
polymer unit in the β-CD–ECH polymer/clay-5 nanocomposite
has lower intensity relative to the β-CD–ECH polymer and in
the β-CD–ECH polymer/clay-15 has been disappeared. Thus, it
Figure 4. EDAX data of β-CD–ECH polymer, β-CD–ECH polymer/clay-1 and β-CD–ECH polymer/clay-15.
Figure 5. XRD patterns of bentonite clay, β-CD–ECH polymer, β-CD–ECH
polymer/clay-1, 5 and 15.
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is concluded from TGA and DTG results that incorporation of
bentonite clay as a nanofiller in β-CD–ECH polymer structure
improved the thermal stability of the obtained β-CD–ECH
polymer/clay 15 nanocomposite. This may be owing to acts of
clay protectively against the polymer thermal degradation. Al-
though the reason of decreased thermal stability of the β-CD–
ECH polymer/clay-5 is not clear, we propose it could possibly
because of acts of clay as impurity in the structure of polymer.
In Fig. 8 (C and D), the differential heat flow and its derivative
curves of pure β-CD–ECH polymer, β-CD–ECH polymer/clay-5
and 15 are presented. These compounds show an endothermic
event occurring at 100°C because of the vaporization of the
residual water.[26] DSC thermogram of β-CD–ECH polymer
revealed an endothermic peak at 296°C which confirm the
results of TGA. In the DSC curve of β-CD–ECH polymer/clay-5,
the exothermic peak related to decomposition of the polymer
has been emerged without any noticeable changes in tempera-
ture, but with lower intensity compared to the β-CD–ECH poly-
mer. Based on the DSC curve of β-CD–ECH polymer/clay-15, the
temperature peak of the polymer unit decomposition was
shifted to a higher temperature (346°C) after mixing with clay
and showed the lower intensity than β-CD–ECH polymer. This
phenomenon is because of the preparation of nanocomposites
from the interaction between the polymer and clay. The DDSC
curves of these materials have been shown in Fig. 8D which
agree with the obtained DSC results.
Figure 6. FE-SEM images of β-CD–ECH polymer, β-CD–ECH polymer/clay-1 and β-CD–ECH polymer/clay-15 with three different resolutions.
Figure 7. TEM images of β-CD–ECH polymer/clay-15 with two different resolutions.
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Swelling behaviors
The swelling ratio results of the β-CD–ECH polymer and β-CD–ECH
polymer/clay nanocomposites have been shown in Fig. 9. The
β-CD–ECH polymer and bentonite clay with numerous hydro-
philic groups can form hydrogen bonds with water in order to
combine with more water molecules. The β-CD–ECH polymer
illustrated an equilibrium swelling of 5.05 which was increased
to 5.44, 5.99, 6.82 and 7.06 with the incorporation of 1, 5, 10
and 15% clay, respectively. These outcomes are because of an
aggregate of both functional groups of β-CD–ECH polymer
and clay for water absorption in nanocomposites. These out-
comes are due to contributions of both functional groups of
β-CD–ECH polymer and clay for water absorption in
nanocomposites.
Removal of heavy metal from water
The adsorption of Cu2+, Zn2+ and Co2+ ions onto β-CD–ECH
polymer and its nanocomposites with a different amount of clay
and the metal concentration of 20mg/l were studied without
changing other parameters. Throughout the adsorption experi-
ments, shaking period was set at 24 hr in each experiment while
the adsorbent samples of 150mg were used as an adsorbent
source. In solution, heavy metals can be present either as free-
ions or complexed with ligands.[39] Therefore, in this study, the
affinity of each metal in the aqueous solution for nanocompos-
ites was evaluated.
To compare overall heavy metals removal efficiencies of the
adsorbents, the Kd values were considered. This factor is a useful
index for comparing the sorptive capacities of different com-
pounds for a particular ion under the same experimental condi-
tion. It is defined as the ratio of metal ion concentration in the
adsorbent to that of the equilibrium solution after a specified
reaction time. Therefore, a high Kd value demonstrates that a
low amount of the metal remains in the solution.
As it can be seen from Fig. 10, the Kd values were higher in
nanocomposites compared to β-CD–ECH polymer, which dem-
onstrate that the removal efficiencies of the nanocomposites
are higher than the β-CD–ECH polymer. In addition, Fig. 10
shows dependence of both Kd and the removal percentage of
metal on the amount of clay. To compare the data of these four
nanocomposites, adsorbents revealed that the Kd and removal
percentage increased together with the increase of the clay
amount, which indicates that the β-CD polymer/clay nanocom-
posites have more advantages for the adsorption of heavy
metals from drinking water.
Chemically, the numerous oxygen atoms in form of hydroxyl
and ether groups have been found on β-CD–ECH polymer. These
oxygen atoms are highly friendly to positive charged molecules
owing to strong electrostatic interactions. Various studies on
Figure 8. TGA (A), DTG (B), DSC (C) and DDSC (D) curves of β-CD–ECH polymer, β-CD–ECH polymer/clay-5 and β-CD–ECH polymer/clay-15.
Figure 9. Swelling ratio (weight of absorbed water/weight of dried
hydrogel) of β-CD–ECH polymer and β-CD–ECH polymer/clay with
different amount of bentonite clay.
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the β-CD molecules have confirmed the strong interaction
between oxygen atoms and cations groups.[40–42] We have also
reported the intense interaction between β-CD and Cu2+.[4]
Equally, bentonite clay with anionic and cationic ingredient
demonstrates a strong affinity for heavy metals.[43] The higher
adsorption of nanocomposites compared to β-CD–ECH polymer
is because of the presence of both functional groups of β-CD
polymer and clay.
Based on the percentage of metal adsorption and Kd, the
selective sequence of metal adsorption onto the β-CD polymer
and its nanocomposites was found to be Zn2+>Cu2+>Co2+.
The Kd values of Zn2+ showed the lowest increases when com-
pared with other metals. A previous study concerning the adsorp-
tion of heavy metals in bentonite clay reported that Zn2+ has a
higher sorption affinity than other heavy metals (Cu2+, Co2+).[43]
CONCLUSIONS
In summary, we prepared β-CD polymer/clay nanocomposites
with a simple method and readily available starting materials
and also cumbersome apparatus were not needed to perform
such as experiment. The nanocomposites were obtained by
exfoliation of clay using β-CD and then polymerization from safe
materials and through environment friendly procedures. The
results revealed that the nanocomposites containing β-CD,
glycerol and clay nanofiller were superior to a polymer contain-
ing only β-CD and glycerol in their thermal properties, probably
because of the formation of fine composites between neutral-
ized β-CD–ECH polymer and clay nanofiller. These nanocompos-
ites were used as low cost sorbents to remove heavy metals
(Co2+, Cu2+ and Zn2+) from drinking water and showed an effi-
ciency removal capacity which metal adsorption to nanocompos-
ites increases with the increasing clay content. Thus, it is an
efficient and green absorbent for water purification such as used
in house water filtration systems and also useful to find numerous
potential applications such as drug delivery systems.
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